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PROCESS OF MAKING IM1DAZ0LIDINE-2.0NE DERIVATIVES 

FIELD OF THE INVENTION 

The present invention relates to a process to prepare chiral auxiliary intermediates 
5 which are useful in the asymmetric syntheses of useful organic compounds. These 

auxiliaries are imidizolidin-2-ones. Of particular importance, the present invention relates 
to any improvement in the process to prepare aromatic ring-fused cyclopentane derivatives, 
specifically indane-2-carboxylates and cyclopeniano[b]pyridino-2-carboxylates. This 
improvement relates to the process for preparing important chiral intemiediates used in the 
10 preparation of indanes and cyclopentano[b]pyridines. This chiral intermediate is (4R,5S)- 
l,5-dimethyl-4-phenyI-imidi2olidin-2-one. 

BACKGROUND OF THE INVENTION 

Intermediates that are useful in asymmetric synthesis to produce an asymmetric 

15 center are very imponant to organic chemistry in general and, specifically, within the 

pharmaceutical field. The term chiral auxiliary means a non-racemic functional group that 
imparts a distereoselective reaction at a remote prochiral center of a molecule. Chiral 
auxiliary intermediates which are useful in such synthesis are known in the art. These 
include l,3-oxazoIidin-2-ones, see Soloshonok et al.. Org, Letters, 747(2000) and reviews 

20 noted therein, and imidiazolidin-2-ones, see Bongini et al.. Tetrahedron: Asymmetry, 1996, 
1457 and references therein. All infomnation within these references necessary to 
understand and use this invention are incorporated by reference. 

The chiral intermediate (4R,5S)-l,5-dimethyl-4-phenyl-imidizolin-2-one is one of 
these important auxiliaries useful to prepare pharmaceutically active compounds. Other 

25 structurally related iminidazolin-2-ones, including its enantiomer, are also useful. The 
known literature procedures to make these compounds have a number of problems. An 
improved method to prepare these auxiliaries was desired. I have now found and disclose 
useful improvements to the process to prepare these clinical auxiliary intermediates. 

More specifically, these process improvements can be used to prepare certain 

30 endothelin receptor antagonists. Certain indane-2-carboxylic acids and 

cyclopentano[6]pyridines are useful endothelin receptor antagonists; see U.S. Patent Nos. 
5,817,693; 5,716.984 and 5,389,620. The racemates of these compounds have important 
pharmaceutical activity; however, the enantiomers have improved activity. For example, 
(+)( 1 S, 1 R,3S)-3-[2-hydroxyeth- 1 -y loxy )-4-methoxyphenyl]- 1 -[3,4-methylenedioxyphenyl)- 

35 5-propoxyIindane-2-carboxylic acid and (+)( 1 S,2R,3S)3-(2-carboxymethoxy-4- 

methoxyphenyl-l-(3,4-methylene dioxyphenyI)-5-propoxylindane-2-carboxyIic acid are 
under development and are potential commercial products. 
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In a PCX application published on May 15, 1997 under International Publication 
No. WO 97/17342, an improved process for preparing these enantiomers is described. The 
imidizolidin-2-one chira! intermediate was disclosed as an important chirai auxiliary 
intermediate in this process. 

Synthesis of this intermediate is reported in the literature by condensing urea with 
ephedrine; see Close, 7. Org. Chem., 75, 1131 (1950) and Drewes et al., Chem Ben 126, 
2663 (1993). This literature procedure has several problems associated with it. The yield is 
lower than is desired for a commercial process. The process also gives an undesirable 
oxazolidin-2-one impurity as 25-30% of the crude isolated product. Purification is required 
before the product can be used. In addition, certain by-products, such as ammonium 
chloride, cyanuric acid and ammonia form solid particulates that tend to block risers in 
certain fixed vessels and poses a safety hazard. I have found, discovered and disclose in this 
application an improved process which overcomes the problems associated with the known 
method. 

SUMMARY OF THE INVENTION 

The process of this invention involves the following process: 



O 




wherein: 

Rl is Ci.galkyl, cyclohexyl, phenyl, phenyl substituted with Ci.6alkyl, halo, nitro, 
Ci.^alkoxy, Cj.^alkylmercapto or CF3, napthyl or napthyl substituted with Cj.^alkyl, 
halo, nitro, Ci_5alkoxy or CF3; 

R2 is Cj.galkyl, Cj.galkenyl, cyclohexyl, phenyl, or phenylCj.^alkyl wherein each 
phenyl may be substituted with one or two substituents selected from nitro, Cj^galkoxy, 
methylenedioxy or CF3; and 

R3 is C\^\2^^^y^^ Cj.galkenyl, C3_5cycloalkyI, phenyl or phenylCj^^alkyl wherein 
each phenyl may be substituted with one or two substituents selected from nitro, 
Ci.galkyl, halo, nitro, C|.5alkoxyl, methylenedioxy, CF3 or dialkylamino, and urea 
together in the presence of a non-volatile ammonium salt. 

The process of this invention proceeds equally with the enantiomer of compound lA 
(compound IB) to produce the enantiomer of the product IIA (compound IIB). The 
structures of compounds IB and IIB are as follows: 



wo 01/04098 PCT/USOO/18691 



HO 

R 



H H 



NHR. 



O 

(I 



IB HB 

5 wherein Rj, R2 and R3 are as defined above. The chiral auxiliaries defined by compound 
IIB are also useful in asymmetric synthesis of useful organic compounds. 

Within Ri, a preferred group are those moieties which provide steric bulk such as 
phenyl, substituted phenyl, napthyl and substituted napthyl. Particularly preferred is phenyl. 
A wider variety of groups are equally useful in this process within R2 and R3. Preferred R2 
10 and R3 groups are alky I, phenyl or phenylalkyl. Within Rj , R2 and R3, halo means fluoro, 
bromo or chioro and alkyi means straight or branched chained alkyl groups. 

Compounds of Formula I are commercially available or readily prepared by one 
skilled in the art by known methods. L-ephedrine, a compound of Fomiula lA where R] is 
phenyl and R2 and R3 are methyl, and D-ephedrine, the related compound of Formula IB, 
15 are readily available and cheap compounds which is particularly useful in this process. 

The process is carried out in the presence of a non-volatile ammonium salt at a high 
temperature. Suitable ammonium salts include, but are not limited to, ammonium 
sulfamate, ammonium sulfate, and ammonium dihydrogen phosphate. Other suitable 
ammonium salts can be readily determined by one skilled in the art. A preferred ammonium 
20 salt is ammonium sulfamate. 

The process is run at a temperature of 75°-190°C, The reaction is run in the 
beginning in an inert organic solvent with a boiling point greater than 75°C in order to 
provide efficient stirring of the melting reactants. Examples of suitable solvents include, but 
are not limited to, benzene, toluene, xylene, mesitylene, chlorobenzene and the like. After 
25 the reaction is heated to the boiling point of the solvent, it is allowed to distill off The 
reaction melt is heated to 160°-190°C until the reaction is completed. 

The ratio of reactants is at least 1:1:1 equivalents of urea: compound of Formula I: 
ammonium salt. A preferred ratio is 3: 1:1 equivalents. 

The reaction vessel is charged with the reactants and then is purged with nitrogen 
30 before heating is begun. During the reaction, ammonia begins to evolve when the reaction 
mixture reaches a temperature of about 100° or greater. Ammonia can be collected by use 
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of an acid scrubber. Evolution of the ammonia should be monitored and controlled at a 
reasonable rate by the rate of heating of the reaction mixture. 

Work-up of the process by the addition of water results in compound of Formula II 
in high enantiomeric purity and with minimum amounts of the undesired oxazolidin-2-one 
impurity. The compound of Formula II can be used directly without additional purification. 

A particularly preferred process of this invention is the preparation of the compound 
(4R,5S)-l,5-dimethyl-4-phenylimidazolidin-2-one (compound of Formula IIIA). This 
compound is referred to as the most preferred chiral auxiliary in WO 97/17342 and is a 
critical intermediate in the stereoselective process disclosed and claimed in WO 97/17342. 
The entire published application of WO 97/17342 is incorporated by reference into this 
application. 

The process to prepare this compound is as follows: 

ammonium 
L-ephedrine + urea » 



O 

X 

HN N CH 

ffl A 



3 +NH3 



The process is carried out in the presence of the non-volatile ammonium salt at a 
temperature of 90° to 190°. The reaction is run at the beginning in an inert organic solvent 
with a boiling point greater than 75°C in order to provide efficient stirring of the melting 
reactants. Examples of suitable solvents include, but not limited to, benzene, toluene, 
xylene mesitylene, chlorobenzene and the like. The ratio of reactants urea: L- 
ephedrine:ammonium salt is 3:1:1 equivalents. 

The reaction vessel is purged with nitrogen before heating is begun. During the 
reaction, ammonia begins to evolve when the reaction mixture reaches a temperature of 
about 140°. Ammonia can be collected by use of an acid scrubber. Evolution of the 
ammonia should be monitored and controlled at a reasonable rate by the rate of heating of 
the reaction mixture. 

After the reaction is heated to about 100° or the boiling point of the solvent, the 
solvent is allowed to distil off and the reaction melt is heated to 160-190°C, preferably 165- 
180°C, until the reaction is completed. The most preferred temperature range is 175-179°C. 

Work-up with water results in compound III in greater than 99.9% enantiomeric 
purity and an overall yield improvement of 10-25% over published processes. In addition, 
the oxazolidinone impurity obtained with the older published procedure is produced in less 
than 1%. 
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Compound III can be used directly as obtained in the process to prepare the desired 
pharmaceutically important compounds, for example, as used within the process disclosed 
in WO 97/17432. 

The use of D-ephedrine in the particularly preferred process above produces the 
compound of Formula IIIB. 



O 

X 

HN-^^N-CH, 
.1 I 



CH3 

mB 



10 This compound is useful in the preparation of a number of useful pharmaceutical 
compounds. 

Another advantage of the chiral auxiliaries produced by the process of this invention 
is that they can be recovered from the asymmetric synthesis and reused. This results in 
greater economical efficiencies. 
15 Without further elaboration, it is believed that one skilled in the art can, using the 

preceding description and the Examples that follow, utilize the present invention to its 
fullest extent. The following Examples are to be construed as merely illustrative and not a 
limitation of the scope of the present invention. 

20 EXAMPLE 1 

(4R.5S)- 1 ■5- Dimethvl-4-phenvl-imidazoiidin-2-nnp 

To a 20 gallon glass-lined reactor was added toluene (36 L), urea (16.4 kg, 273.3 moles. 3 
equiv). ammonium sulfamate (10.35 kg, 92.3 moles, 1 equiv) and L-ephedrine (14.36 kg. 
86.9 moles, 1 equiv.). The reaction vessel was purged with nitrogen then was heated to 
25 98-C to remove the toluene. After 40 minutes, all 36 L of toluene was distilled. The 

reaction was heated to 175»C. Ammonia begins to evolve at ~140°C. After 1.5 hours at 
175''C to 1 80»C, HPLC indicated that the reaction had proceeded to completion. The 
reaction vessel was cooled to about 105°C and quenched with 27 L of water. At 57'"C. 3 L 
of ethanol was added. The reaction, as a slurry, was stirred at ambient temperature for 4 
hours then was transferred to a basket centrifuge and collected. The centrifiiged wet cake 
was rinsed with 60 L of water and collected to yield 1 1 .65 kg of wet cake. The wet cake 
was dried under vacuum at 20 - 25 "C for 14 hours. The final dry weight of crude product 

-5- 
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was 10.7 kg (56.25 moles, 65% crude yield). This material was recrystallized from 
acetonitrile:water(93:7): m.p. 174-175**C; ][a]25/D -96.3*^ (c 1.0, CH2CI2); [a]25/D^6^ 
(c 1.0,MeOH). 



10 



EXAMPLES 2-5 

Following the procedures set forth in this specification and of Example the 
following chiral auxiliaries are prepared. 



O 

X 

H-N N-R, 



R, Rg 
IIIA 



Examole 


Si 


El 




2 


2,5-dimethoxyphenyl 


CH3 


t-butyl 


3 


4'hydroxy phenyl 


CH3 


4-hydroxyphenyl-2-ethyl 


4 


phenyl 


CH3 


3-(3-methoxyphenyl)-3-oxo- 








propyl 


5 


4-isopropylmercaptophenyl 


CH3 


n-octyl 



EXAMPLE 6 

15 Substituting D-ephedrine for L-ephedrine in the procedure of Example 1 yields the 
compound (4S,5R)- 1 ,5-dimeihyl-4-pheny Hmidazolidin-2-one. 



EXAMPLES 7.10 
Following the procedures set forth in this specification and of Example 1 , the 
20 following chiral auxiliaries are prepared. 
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Example R| 

7 2,5-dimethoxyphenyl 

8 4-hydroxyphenyl 

9 phenyl 



52 

CH3 
CH3 
CH3 



10 4-isopropylmercaptophenyl CH3 



t- butyl 

4-hydroxyphenyl-2-ethyl 

3-(3-methoxyphenyl)-3-oxo- 

propyl 

n-octyl 
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What is claimed is: 

1 , A process for the preparation of a compound of Formula IIA or Formula IIB: 



10 



25 



X 



or 

IIA HB 



which comprises heating a compound of Formula lA or Formula IB 

HO NHR3 HO NHR3 



H H 
lA IB 



wherein R) is Cj.galkyl, cyclohexyl, phenyL phenyl substituted with Ci_5alk:yl, halo, nitro, 
Cj.galkoxy, Ci.galkylmercapto or CF3, napihyi or napthyl substituted with Ci_5alkyl, 
halo, nitro, Ci.5aIkoxy or CF3; 

R2 is Cj.galkyl, Cj.galkenyl cyclohexyl, phenyl, or phenyl C |.5alkyl wherein each 

15 phenyl may be substituted with one or two substituents selected from nitro, C j.^alkoxy 
methylenedioxy or CF3; and 

R3 is Ci.i2alkyl, Ci.galkenyl, C3.6cycloaIkyl, phenyl or phenyl Cj.^alkyl 
wherein each phenyl may be substituted with one or two substituents selected from nitro, 
Cj.galkyl, halo, nitro, C^.^alkoxyl, methylenedioxy, CF3 or dialkylamino, 

20 and urea together in the presence of a non-volatile ammonium salt. 

2. A process of claim 1 wherein R] is phenyl or substituted phenyl. 

3. A process of claim 2 wherein R2 is alkyl. 

4. A process of claim 3 wherein R3 is alkyl. 

5. A process of claims 1-4 wherein the process is carried out at a temperature 
of75-l90**C. 

-8- 
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6. A process of claim 5 wherein Formula lA is L-ephedrine. 

7. A process of claim 6 wherein the process is carried out at 1 60- 1 QO'^C. 

5 

8. A process for the preparation of (4R,5S)- 1 ,5-dimethyl-4- 
phenylimidizolidin-2-one which comprises heating about one equivalent L-ephedrine with 
three equivalents urea and one equivalent ammoniuni sulfamate at 175-179°C. 

10 9. A process for the preparation of (4S,5R)- 1 ,5-dimethyl-4-phenyl. 

imidizoIidin-2-one which comprises heating about one equivalent D-ephedrine with three 
equivalents urea and one equivalent ammonium sulfamate at 165-I80**C. 

10. The compound (4R,5S)- 1 ,5-dimethyl-4-phenylimidizolidine-2-one or 
15 (4S,5R)- 1 ,5-dimethyl-4-pheny limidizolidin-2-one when prepared by the process of claims 
1-9. 



-9- 
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